Many economists and policymakers believe that fiscal decentralization, the decentralization of government expenditures to local governments, enhances public sector efficiency. Vertical externalities -i.e. spillovers between local and central government -may however undo part of this advantage. In this paper, we assess spillover effects of Social Assistance (SA) decentralization in the Netherlands, in particular towards (a centrally administered) Disability Insurance scheme (DI). DI enrolment strongly increased since the decentralization of SA. We find that the sensitivity of local DI enrolment with respect to the stock of local SA recipients has increased over time, given that we control for both observed and unobserved disability risk factors. IV estimates show that, since the decentralization of SA, at least one third of DI inflow was diverted from SA.
Introduction
The Dutch Social Assistance scheme (SA) was gradually decentralized from central government to municipalities during the early 21st century. Over the same period, the inflow into the Disability Insurance scheme for individuals with no employment history (DI) 2 has more than doubled. By 2008, a rapidly growing share of 1.7% of the Dutch population between the ages of 18 and 65 were receiving benefits from this scheme.
The DI scheme is fully financed by the central government. There is a general perception that the reform of the SA scheme has contributed to the increased inflow into DI. Municipalities may have been tempted to redirect (potential) SA recipients to the DI scheme as a result of their increased financial responsibility for Social Assistance. A similar issue seems to play in the US, where states have an incentive to keep their welfare rolls low and push people towards the federally funded SSI scheme. 3 The main purpose of this paper is to investigate whether the misalignment of the central government"s and local governments" interests has indeed played a role in the increase of DI inflow.
Many economists and policymakers believe that fiscal decentralization, the decentralization of expenditure responsibilities to lower-level government, enhances public sector efficiency. The empirical literature on the effect of fiscal decentralization on government efficiency is however remarkably small. Adam et al. (2008) find a positive relationship between decentralization and public sector efficiency based on comparisons between 21 OECD countries over the period . In a specific study on education decentralization in Switzerland, Barankay and Lockwood (2007) also find a robust, positive effect (as measured by educational outcomes). On the other hand, Ahmad et al. (2008) find mixed empirical evidence for OECD countries. It is clear both from the (large) theoretical and the (small) empirical literature that, apart from its merits, decentralization may have some adverse effects as well. The existing empirical studies however typically estimate reduced-form models to determine the total effect of fiscal decentralization on public sector efficiency.
Specific (positive or negative) aspects of fiscal decentralization have not been assessed separately. In this paper, we empirically assess the importance of one particular aspect of fiscal decentralization, namely the magnitude of a vertical externality triggered by the decentralization of Social Assistance. To the authors" knowledge, this is the first empirical study trying to quantitatively assess the importance of externalities between local and central government.
An important virtue of fiscal decentralization is that local governments may be given an incentive to minimize costs. 4 If the local government bears political responsibility, then voters will use the performance of comparable local governments as a benchmark for the performance of theirs (Besley and Smart, 2007) . In addition, the central government may benchmark performances in order to efficiently allocate funds to local governments (Shleifer, 1985) . Empirical evidence indeed points at yardstick competition enhancing the efficiency of local governments (Besley and Case, 1995) . A second advantage of decentralization is that the electoral control over the provision of public services may increase (Seabright, 1996) . Finally, lower-level governments are better able to adjust policy to local preferences, which may be welfare-enhancing (Cremer et al., 1996) .
On the other hand, a well-known drawback of decentralization is that the costs of production may increase as a result of economies of scale. The production of some public services involves an important fixed cost component, and is therefore efficiently organized at a large scale. In practice, the problem of scale 2 The Dutch acronym for this scheme is "WAJONG", which translates as Disability Insurance scheme for the young and is simply referred to as DI throughout this paper. 3 See The Economist of March 12, 2011 (pp. 48-49) . 4 For a more elaborate discussion on the pros and cons of fiscal decentralization, see Bos (2010) .
economies can however be resolved by separating provision from production through outsourcing, subcontracting, or a proper division of responsibilities between the central and local government Dafflon, 2008; Boadway and Shah, 2009 ). An example is a decentralized education system where local governments bear full operational responsibility, but where the central state is responsible for teacher training and quality controls. Economies of scope may also play a role. Separation of public services may increase total costs. For instance, if the unemployment insurance scheme is administered centrally and a scheme for the longterm unemployed (e.g., Social Assistance) is decentralized, then the transfer of an unemployed person from one scheme to the other may incur additional administrative costs. A third potential drawback of decentralization is that local politicians may be less competent than politicians at the more central level. Results in Barankay and Lockwood (2007) indicate that decentralization is more effective when the local government is competent. A fourth argument found in the literature is that decentralization may lead to increased pressure from local interest groups. This may distort policy choice and waste public funds. Bardhan and Mookherjee (2000) however show that the link between decentralization and lobbying is ambiguous, i.e., the link can be either negative or positive.
The fifth potential drawback of fiscal decentralization is that it may induce spillovers between different local governments (Lockwood, 2002; Besley and Coate, 2003) or between a local government and the central government. That is, local governments may ignore potential external benefits, or try to divert costs to other governments. Solutions to the case of spillovers between local governments, or horizontal fiscal externalities, are in principle quite straightforward, 5 although not easy to implement (Boadway and Shah, 2009) . A particular problem is that it is often difficult to determine the exact size of the spillover. The case of spillovers between local and central government, or vertical fiscal externalities, has received less attention. The focus is on tax externalities (see, e.g., Keen, 1998) while vertical externalities on the expenditure side have hardly received any attention at all. In this study, we focus precisely on this last aspect of fiscal decentralization. Did the decentralization of social assistance in the Netherlands lead to an increased use of centrally administered social insurance?
Our empirical analysis makes use of data at the municipality level gathered by Statistics Netherlands and the national administration for social insurance (UWV). The data set contains the inflow into SA and DI, the outflow from SA, and variables that may influence these flows during the period 2001-2008. A simultaneous model for the three flows is estimated. The focus is on the fraction of SA flows that are diverted to DI. The identification of this fraction is based on the sensitivity of DI inflow to (lagged) SA volume. SA volume should under normal circumstances not impact DI inflow, given that we control for "true" disability risks at the municipality level. The observed risk factors include population characteristics, such as education, general disability risk, and demographic and labour market indicators. Moreover, the use of panel data allows us to control for unobserved disability risks. Robustness checks with respect to endogeneity of our instrument, serial correlation, the error distribution, and unobserved heterogeneity are included. In all estimations, we find that the sensitivity of DI inflow to SA volume has significantly increased following the fiscal decentralization of SA.
Results imply that at least one third, and possibly more than half, of the entire inflow into the DI scheme in the years 2006-2008 was in fact diverted from SA. These results shed new light on the driving forces behind increasing DI enrolment rates, which are also observed elsewhere and sometimes tentatively linked to vertical externalities between different layers of government. The negative externality found in this paper is sufficiently large that it cannot be neglected when assessing whether the fiscal decentralization of SA was a success.
5 Dafflon (2008) mentions three: (i) compensatory subsidies, (ii) redefining the borders of the local governments, and (iii) restrictions to exit and entry of the public service.
The structure of this paper is as follows. In Section 2, we describe the Dutch institutional context. We then describe our data set and empirical approach in more detail in Sections 3 and 4, respectively, and present the estimation results in Section 5. We summarize and discuss our conclusions in Section 6.
Social Assistance and Disability Insurance in the Netherlands

Social Assistance (SA)
Social Assistance is the basic welfare scheme in the Netherlands. Roughly speaking, anyone who is on the job market and "actively" looking for work is entitled to Social Assistance (SA). Claims are means tested; household wealth cannot exceed about 5,000 euros per person, and household income must be below SA level. In general, all other welfare and insurance schemes take precedence. For instance, a recently unemployed worker entitled to Unemployment Benefits will usually not receive Social Assistance. SA benefits can be claimed from the local municipality"s Social Service only after registering as unemployed with the administration responsible for employee insurance schemes (UWV). SA recipients are obliged to apply for work and accept any (reasonable)
offer. In practice, the latter is not enforced rigorously for recent entrants into the scheme; they are allowed some time to wait for an offer matching their qualifications. The young and poorly qualified are typically offered a job and/or training immediately in so-called "work first" projects. This group is overrepresented in the SA inflow.
They have difficulties establishing themselves on the labour market and, when unemployed, they are usually not entitled to other benefits such as Unemployment Insurance, for they have typically had short work histories and fixed-term contracts. The overall age distribution of the inflow into Social Assistance is shown in Figure 2 .1. SA benefits amount to 50% of the minimum wage for single households, 70% for single parents, and 100% for couples. In 2008, these amounts equal 630, 882, and 1260 euros per month, respectively (but additional benefits typically apply to cover the cost of housing for the former groups). Until the year 2001, municipalities were almost fully reimbursed by the central government for their actual SA expenses, giving them little incentive to reduce the number of SA recipients. From 2001 onward, the fraction of SA expenditure that is reimbursed has been gradually reduced. Large and medium-sized municipalities receive predetermined SA budgets based on an expenditures model which takes various social and economic characteristics as inputs. Small municipalities receive SA budgets based on (but not necessarily equal to) historical expenses. Deficits have to be covered by municipalities" own cash flows (e.g., local taxes) while surpluses can be freely spent. 
Disability Insurance (DI)
Disability Insurance schemes in the Netherlands are administered by the national social insurance administration UWV. These schemes insure the individual"s earnings capacity. The two most important schemes are for employees and for persons with no employment history. The latter is central to this paper, and will simply be referred to as DI. Benefits for employees depend on the actual loss of earnings capacity; benefits for persons with no employment history depend on the minimum wage. The employee scheme is funded by employer and employee premiums, while the DI scheme is funded directly from national tax revenues. Local governments bear no financial responsibility. The DI scheme is open to those who were disabled before the age of 18 and to students who become disabled before the age of 30. Apart from the requirement of being disabled for at least 25%, defined as having an earnings capacity of no more than 75% of the minimum wage, there are fewer conditions than for Social Assistance. Most importantly, households are not means tested, and there is no job search or training requirement if fully disabled. If the DI recipient does find a job (potentially subsidized), his or her income may reach 120% of the minimum wage before the DI allowance is trimmed, so as to provide an incentive to work if capacity allows. The DI payout is slightly higher: 75% of the minimum wage when fully disabled, compared to 50% (or 70% for singles) for SA, but additional benefits for SA recipients typically offset this difference. By design of the scheme, DI inflow mostly occurs between the ages of 18 and 30. Since the SA inflow is also skewed towards the young (see figure 2.1), there is substantial overlap in terms of age. The increased flow towards DI may be related to the SA funding reforms described in the previous section. Financial responsibility for DI has remained with the central government while financial responsibility for SA has shifted to local governments. This may have given local governments an incentive to try and divert SA recipients to DI and other schemes. In fact, private companies have started to offer services to screen municipalities" databases for SA recipients that can potentially be redirected to DI (UWV, 2007) . There may, however, be other factors. For instance, it has been remarked that the number of children going to practice schools or advanced special schools intended for children with learning difficulties has increased over the last decade. Roughly half of all children leaving these schools flow directly into DI, and this percentage may have increased due to improved information services targeting these groups (UWV, 2007) .
Recent trends
Data
Our data set is a balanced panel of administrative data of all Dutch municipalities over the period 2001 to 2008, covering yearly SA inflow and outflow rates and DI inflow rates, as well as a variety of socio-economic indicators. The data are obtained from Statistics Netherlands (CBS) and from the national administration of employee insurance schemes in the Netherlands (UWV). They cover, in principle, the entire Dutch population.
Outflow out of DI is not included as a variable since it is low, fairly constant, and not directly relevant for answering our research question. Several variables related to the regional job market (our business-cycle indicators) were obtained at the so-called "COROP" cluster level, which is a higher level of aggregation than the municipality level. COROP clusters cover an average of 11 neighbouring municipalities, typically arranged around an urban core, but have no particular hierarchical structure otherwise. Observed variables include the relative volumes of the immigrant population, low-skilled working population, disability benefits recipients (other than those in the DI scheme for the young considered here), degree of Table 3 .1 for all variables; variation between municipalities is typically much larger than variation over time within municipalities. There are only few zeros in the SA and DI flows: about 1% of municipalities have zero SA inflow, SA outflow or DI inflow in a given year.
Empirical strategy
Model
Substitution from SA to DI may occur in two different ways. First, municipalities may redirect SA applicants "at the gate", so that SA inflow is substituted with DI inflow. Second, municipalities may go through their SA files to see if anyone may be eligible for DI benefits. This way, an increase in DI inflow is directly linked to an increase in SA outflow. Formally, substitution of SA with DI in municipality i at time t can be written as:
All flows are expressed as fractions of the total population aged 18-64. The observed flows into SA, out of SA, and into DI are written as S in , S out , and D in respectively, and the corresponding "natural" flows are written as s in , s out , and d in . Substitution between SA and DI is parameterized by λ and µ. The observed flow into SA is the natural flow minus fraction λ, and the observed flow out of SA is the natural flow plus fraction µ. Both lead to an increased observed inflow into DI.
The natural flows into and out of SA and into DI are assumed to (potentially) depend on a set of control variables x 0 . In addition, a set of identifying variables x b are assumed to affect the natural in-and outflow of SA but not the natural inflow into DI. The natural flows into and out of SA and into DI are modelled as:
where the error terms 0 (0, ) u N may be correlated. The combination of (4.1) to (4.6) results in the following model for the observed flows:
with correlated error terms ~(0, ) N . 6 The parameters in γ and Σ can be expressed in terms of the parameters in β, Σ 0 and the substitution parameters λ and µ (see Appendix A). These expressions will be used to determine the substitution parameters λ and µ from the estimated coefficients in γ. A minimum of two identifying variables have to be included in x b in order to have simultaneous identification of the parameters λ and μ. Alternatively, we can assume that either λ or μ equals zero, thereby (hypothetically) ascribing all observed substitution of DI for SA to either diverted outflow out of SA or diverted inflow into SA. In this case x b needs to have a minimum of one element.
Identification
The identifying variables in x b must impact the natural SA flows, but not disability risk (the "natural DI inflow"). They should not influence disability risk provided that we control for (potential) true risk factors via x 0 . We will use the population fraction receiving Social Assistance in the previous period, SA -1 , as the identifying variable
This variable is likely correlated with SA flows, but it should not have any causal effect on disability risk. Correlation between SA -1 and disability risk is unlikely because we control for both observed and unobserved disability risk factors using the panel dimension of our data. Any effect of SA -1 on DI inflow is then interpreted to be due to municipalities diverting potential SA recipients to DI. In other words, a significantly nonzero effect bd is a direct sign of substitution via λ and/or μ.
The control variables may influence both the natural DI inflow and the SA flows. The control variables should (ideally) include all population characteristics that influence the natural DI inflow or "true" disability risk. As an important control variable, we include the fraction of the population aged 18-64 who receive disability benefits excluding those receiving benefits from the DI scheme for the young considered in this paper.
The assumption is that this "DI Other" rate should correlate strongly with a broad range of population characteristics that influence true disability risk. Age is a second important risk factor that has to be controlled for, since the DI scheme is specifically for individuals with no employment history. Because DI benefits can be claimed from age 18, we include the fraction of 18-19 year olds in the population aged 18-64 (see also Section 2). Since the DI scheme is further intended for students who become disabled before the age of 30, we also include the population fraction aged 20-29 as a control variable. Individuals aged 30 and over are not expected to flow into the DI scheme under consideration. As further control variables we include the fraction of jobs in the region that are classified as low skilled, the population fraction living in urban areas, the fraction of housing that is rented, the fraction of single-parent families, and the population fraction of immigrants.
In addition to these potential population risk factors, we allow for business-cycle effects and control for them in two ways. First, we have allowed for some "true" correlation between the SA in-and outflows and the DI inflow via the correlated error terms of the three natural flow equations (4.4)-(4.6). Second, we add a set of regional job-market indicators to the control variables x 0 , namely (lags of) regional GDP growth and outflow out of Unemployment Insurance (UI). Thus we allow (but do not require) the business cycle to be a true disability risk factor, arguing that a young person with relatively mild impairments may be able to find or hold on to a job more easily if the economy in the region is booming.
Estimation
The model consists of a structural form, (4.4)-(4.3), and a reduced form, (4.7)-(4.9). We obtain the parameters of the structural model, which include the substitution parameters λ and μ, in two steps. In the first step, the reduced-form parameters { , } R in (4.7)-(4.9) are estimated from the data using Maximum Likelihood, 6 This model is a generalization of the models used in Hassink et al. (1997) and Koning and Van Vuuren (2010) .
givingˆ. R An estimate of the full covariance matrix of R is also obtained (the inverse Hessian of the negative log-likelihood at the maximum). In the second step, the structural parameters 
Results
Cross-Section Estimation
We begin by estimating the reduced-form model (4.7)-(4.9) for each yearly cross-section in our panel. We retain maximum flexibility by allowing all coefficients (and constants) to vary per year. Since each equation contains a year-specific constant, time trends, and effects of macroeconomic variables (say an aggregate business cycle effect) are accounted for in the econometric specification. Spurious correlations due to trends in variables, which are a relatively important source of within-municipality variability but small compared to between-municipality variability, are avoided with this approach. On the other hand, we need to be careful with bias due to unobserved heterogeneity between municipalities. This will be further investigated in the next subsection.
Results of the reduced-form estimation for 2008 are shown in table 5.1. The results for other years can be found in the Appendix. As expected, the fraction of the population aged 18-64 receiving Social Assistance in the previous period (SA -1 ) correlates strongly with the SA flows in the current period. The SA -1 volume also correlates strongly with DI inflow, which is rather more surprising. In the previous sections we anticipated two DI risk indicators, namely the fraction of the population receiving disability benefits excluding the DI scheme under study ("DI Other") , and the population fraction aged 18-19. While these two indeed have a significant, positive effect on DI inflow, their effects are still much smaller than the effect of SA -1 . The estimated coefficients on SA -1 therefore suggest substitution. The expected large correlations between SA -1 and the SA flows "spill over" to the DI inflow equation, as in Eq. (4.1)-(4.3), causing the unexpected effect of SA -1 on DI inflow. It can be seen from the relative effects of SA -1 ( Table 5 .1) that a spillover of order 10% from either SA outflow or SA inflow to DI inflow may explain the observed effect of SA -1 on DI inflow in 2008.
In practice, substitution between SA and DI may occur through both SA inflow and SA outflow. With just one identifying variable (SA -1 ), we cannot estimate both substitution parameters λ and μ simultaneously.
Unfortunately, it is difficult to earmark additional identifying variables that (1) significantly influence SA inflow, SA outflow and DI inflow; (2) are in theory not expected to influence the "natural" DI inflow; and (3) are not expected to correlate strongly with the SA -1 variable. The reason is simple: one expects both diverted flows from SA to DI to be very similar in terms of underlying population characteristics, hence any two identifying variables are expected to be strongly correlated. This makes it unlikely that γ bs and γ bf in Eqs. (4.7)-(4.8) will be (significantly) linearly independent as required for simultaneous identification of λ and μ. Fortunately though, this issue does not hamper our main conclusions since we are first and foremost interested in total substitution between the two schemes. In this case one instrument suffices to identify total substitution. Moulton (1990) .
The bottom part of table 5.1 shows the structural-form estimates of the model (4.1)-(4.6) obtained by minimum distance estimation of (4.10), under the identifying assumption that the observed effect of SA -1 on DI inflow is either due to substitution from SA inflow to DI inflow (via λ), or due to substitution from SA outflow to DI inflow (via µ). We see that a substitution fraction of about 9% obtains in either case. Since the observed effect of SA -1 on DI inflow may be due to substitution from both SA inflow and SA outflow simultaneously, total substitution may be any convex combination of the two separate estimates. It should be noted that these estimates may be on the high side as we did not take account of unobserved heterogeneity. In the next subsection we will control for that, and see whether total substitution is indeed lower than 9%.
Repeating this analysis for the other years in our data set, we obtain the results shown in Table 5 .2 and Since DI inflow has increased strongly over these years, the absolute number of persons that appear to be diverted from SA has in fact more than doubled, as shown in Figure 5 .4. As the solid and dashed line in Figs. 5.3 and 5.4 practically coincide, the separate restricted estimates of λ and μ are directly indicative of total substitution between SA and DI for all years (but we cannot say whether substitution predominantly occurs via diverted SA inflow or SA outflow). 
Panel Estimation
In this subsection we address potential shortcomings of the previous cross-sectional estimates, in particular the effects of unobserved heterogeneity. Unobserved heterogeneity correlated with our instrument SA -1 may induce omitted variables bias in the estimates of the substitution parameters. We model time-constant municipality heterogeneity using both random and fixed effects. Our random effects model, which allows for more general serial correlation, largely generates the same results as the cross-section model. Using a fixed effects assumption we are able to derive robust lower bounds for substitution between SA and DI.
Random effects
We first allow for unobserved time-constant municipality heterogeneity by estimating a random effects model of all years combined. A municipality-specific error component u i is added to each of the three flow equations. In addition, we allow for exponential serial correlation of the time-varying error components. Several mechanisms may cause such serial correlation. Firstly, exogenous shocks to any of the three flows may typically last longer than one period. Secondly, a positive shock to a flow decreases the stock from which this flow originates, which will tend to suppress the flow in subsequent periods. And thirdly, since the SA flows affect the SA stock and, thereby, the model predictions for the flows in subsequent periods via the SA -1 regressor, the model endogenously introduces serial correlation of the errors.
We cannot predict what net serial correlation of the errors will result. In order to keep the number of parameters manageable we assume exponentially weighted error terms, in addition to the random effects terms, as follows:
where ~ (0, ) iu N u are the random effects, and || t are the weights on the idiosyncratic shocks , i . All coefficients on the explanatory variables, including the constants, remain year-specific to preserve maximum flexibility of the model. Hence, this model is a true generalization of the cross-sections we have estimated in Section 5.1. .5 shows the substitution estimates we obtain. Estimates of substitution via either SA inflow or SA outflow differ more than in the cross-section analysis: however, recall that total substitution will be a convex combination of the two (Section 5.1), so the results are fully consistent with our cross-section estimates. Serial correlation is statistically significant but fairly small at about 4-5% for the SA inflow and for the DI inflow, and 13% for the SA outflow (see Appendix C). The random effects are also significant which suggests the presence of unobserved municipality heterogeneity. However, we find that the idiosyncratic error components dominate for all equations in all years: the variance of the time-varying error component ν it is about twice as large as that of the random effect u i for all equations. This implies that the efficiency loss from estimating yearly cross-sections is small. It does not necessarily mean that bias due to unobserved heterogeneity must also be small, so we next estimate bias-robust lower limits for our coefficients of interest using a "fixed effects" assumption.
Fixed effects
To exclude the possibility of bias due to unobserved heterogeneity, we next estimate a "fixed effects" model. If there should remain unobserved variables that strongly and significantly influence the true risk of being disabled and that happen to correlate strongly with the SA -1 rate rather than with the "DI Other" rate or any of the other control variables, then the observed effect of SA -1 on DI may be due in part to omitted variables bias.
We employ a fixed effects specification slightly different from the standard model. Rather than assuming that the unobserved components of municipality heterogeneity are constant in time, we assume here that the bias they cause (if any) in the observed variable of interest is constant. The motivation for this fixed effects model is that SA -1 does not change much over the period of observation for a given municipality. Hence the potential bias caused by unobserved population characteristics that also do not change much over this time span can reasonably be expected to be constant. This way, an estimated change in the effect of SA -1 on DI inflow implies that at least the entire change is due to substitution, which puts a lower bound on substitution between SA and DI. The top left panel in Figure 5 .6 illustrates this; a technical description is given in Appendix B. of bias due to some omitted variable, which may be a true disability risk factor and, hence, not a valid identifier of substitution. Under our fixed effects assumption, this bias is constant. The observed increase in the effect of Since we estimate our model using maximum likelihood, we first investigate whether our results are affected by the assumption of normally distributed errors. Inspection of the residuals of our model shows that, while there are no obvious outliers, there is excess kurtosis in all three flow equations (4.7)-(4.9) for all years. We therefore re estimate our model with a multivariate, residual kurtosis matched t(5) distribution for the error terms. The results are shown in Table 5 .3 and the left panel of Figure 5 .7. The estimates of the substitution parameters increase slightly, but remain close to the original estimates for every year. We conclude that our results are not substantially influenced by the assumption of normally distributed errors. If anything, the normality assumption leads to a slightly conservative estimate of substitution.
Secondly, we investigate the potential effect of substitution-induced endogeneity of the SA -1 regressor.
The SA -1 regressor, serving as our identifying variable on the right-hand side of the DI inflow equation, will change as persons are diverted from SA to DI. Whether this is a problem for our estimation is a matter of timescales. At the very peak of substitution in 2007, almost 10,000 individuals were diverted to DI from a dynamic SA stock of more than 300,000, implying a timescale of endogenous change of more than 30 years.
Changes in substitution rates due to other factors such as changes in incentives or changes in the stock of substitutable persons (a subset of the total SA stock) are expected to happen on much shorter timescales. And in fact, they are observed to happen on much shorter timescales (recall Figure 5. Table 5 .3 and the right-hand panel of Figure 5 .7. We essentially observe the same increase in substitution as before. We conclude that endogeneity of the SA -1 regressor is not important for the results presented in this paper. Thirdly, we investigate whether the omission of time-varying explanatory variables has caused bias in the estimation results. Anticipated correlations between observed control variables and potential unobserved timevarying effects allow us to check if the latter could cause omitted variables bias in the estimated substitution parameters. Concretely, it has been hypothesized that an increase in the number of children going to advanced special schools, combined with expanded information services targeting these groups, has contributed to the increase in DI inflow (UWV, 2007) . The idea is that many attending these schools apply for DI benefits upon finishing school; the schools may effectively promote the move to DI (see also Section 2). We have no direct data on the number of children going to such schools and the quality of information services provided. But we can anticipate that if such an unobserved time-varying effect has indeed affected the DI inflow over the years, then we will observe an increase in the effect of the 18-19 year old population on DI inflow (recall from Section 2 that DI benefits can be, and often are, claimed from age 18). Figure 5 .8 shows this effect over time for our baseline model of Section 5.1. We also include an alternative specification in which the SA -1 regressor was omitted in order to give the 18-19 year old population variable every chance to explain the observed DI inflow increase. Clearly, however, no significant upward trend occurs in the effect of the 18-19 year old population.
The 18-19 year old population itself has also remained stable between 2001-2008 (see Table 3 .1), so it would appear that increased attendance of advanced special schools has had little or no net effect on DI inflow.
Basically, those flowing from these schools into DI would also have entered the scheme if they had not gone to such schools. On the same grounds, we consider it unlikely that unobserved time-varying population characteristics carrying intrinsic disability risk (say genetic or environmental) have affected our results: if they had, we would expect them to have caused an increase in the effect of the 18-19 year old population on DI inflow, which we do not observe. These results strengthen confidence in our estimates of substitution between SA and DI, and in particular the increase after 2004. shows an alternative specification in which the SA-1 regressor was omitted.
Conclusion
We have presented a model for, and estimates of, substitution between Social Assistance (SA) and a Disability Because the inflow into the DI scheme has increased rapidly over the period considered, the absolute number of diversions has more than doubled, mostly over the period [2004] [2005] [2006] [2007] . Relaxation of our fixed effects assumption even results in higher estimates of substitution towards DI.
This rapid increase in substitution between the two schemes is strikingly coincident with the social assistance funding reforms that took place over this period, which strongly increased municipalities" financial incentives to reduce their number of social assistance recipients. Since municipalities are not financially responsible for the DI scheme, a causal connection between the two events seems logical. Hence, the increased substitution of disability insurance for social assistance looks to be due to misaligned interests of different levels of government. It is true that substitution may be attractive for the individual as well (see Section 2), but this was also true prior to the decentralization of social assistance in 2004, so individual incentives are unlikely to be the main driver of the observed increase in substitution after 2004.
The idea behind transferring financial responsibility for social assistance to local government was, naturally, to create incentives for local government to look more carefully at the allocation of social assistance.
While this appears to have worked, based simply on the observed lower social assistance volume and inflow (Van Es, 2010) , part of the reduction has apparently flowed towards the centrally administered DI scheme (and potentially also to other schemes). The exact mechanism by which local governments have diverted people from social assistance to disability insurance cannot be deduced from our results, but is of secondary importance for this paper. It is likely that the observed substitution consists of two parts: a transitory "cleaning up" of municipalities" existing SA files, and an increased structural rate of substitution of DI for SA. The substitution estimates for our final year 2008 are slightly (though not significantly) lower than for 2007, suggesting that some transitory effect may have taken place in the early years after the reform. The net result of local governments" actions may well have been a less efficient allocation of welfare expenditure: young people may have been "written off" for the labour market too quickly. This negative "vertical externality" shows the need to have a good understanding of the degree to which different welfare schemes can act as substitutes, not just for reforms that alter individuals" incentives but also for reforms that alter the incentives of different layers of government.
A connotation is that we must be careful identifying the increased substitution with increased misuse of the DI scheme since, technically, all DI entrants have been examined medically and are by construction entitled to DI benefits. One could even argue that there was substantial "hidden disability" in the SA scheme before 2004, which was then discovered and transferred to DI. Nevertheless the idea of "hidden disability" seems odd, since already 10% of the total population aged 18-64 were receiving some form of disability benefits in 2004 while only 3.5% were receiving social assistance. Moreover, individuals have always had incentives to be in the DI scheme rather than the SA scheme, contrary to the typical case of hidden unemployment in disability schemes. After all, the phenomenon of "hidden unemployment" in disability schemes is well-documented in the literature. 8 A further reform that has been proposed for the Netherlands is to transfer financial responsibility for DI to local governments as well. This would remove local governments" incentives to divert young people from social assistance to disability insurance. Our study shows that this will likely have an effect, and that further investigation of vertical externalities in social insurance is important for answering the final question: what is the optimal distribution of responsibilities over different layers of government?
Appendix A: Restrictions on the reduced form model
Writing out the covariance matrix of the error terms in equation (4.4)-(4.6) as:
where s, f and d subscripts again correspond to SA inflow, SA outflow and DI inflow respectively, and writing out the covariance matrix corresponding to (4.7)-(4.9) as:
we obtain the following set of restrictions on the parameters of the reduced-form model in terms of the parameters of the structural model: 
Appendix B: The fixed effects model
Formally, assuming an unobserved disability risk factor denoted by x ud and using index t for the year of observation and index i for the municipality, our DI inflow equation (4.9) becomes:
in which case the estimate of γ bd,t , the effect of a variable of interest in a cross-section estimation (say the effect of SA -1 ), will be , , where the second term on the right-hand side is the bias due to unobserved heterogeneity, and the (co)variances are between municipalities. As explained in Section 5.1, such bias is unlikely to be substantial in our case, given the magnitude and significance of the effect of SA -1 relative to the effects of the most obvious disability risk factors and of the other control variables. It is, however, possible to make a stronger statement. The conventional way to address unobserved heterogeneity is to assume that the unobserved component of municipality heterogeneity is constant over time:
,, ud it ud t i x c (B.3) and to estimate a corresponding "fixed effects" model based on within-municipality variability, e.g., where E indicates the expectation value, since then in general , , which is the bias in coefficient γ bd due to unobserved variable x ud . This term remains unequal to zero in the limit T where T is the baseline of panel dimension t.
In Section 5.2, we assume "fixed effects" in the sense that , , where the (co)variances are between municipalities. In case of no serial correlation of the errors, or in the limit T , this "fixed effects" assumption can in fact be weakened: (B.8) in contrast with the classical assumption (B.3). Table C .1 Reduced-form cross-section estimates (x100), SA inflow, SA outflow, and DI inflow equations (top to bottom). C*: constants. V*: covariance matrix Σ (x10 6 ). Young - Reduced-form random-effects estimates (x100), SA inflow, SA outflow, and DI inflow equations 
